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ABSTRACT ,_'

Laser Diode Photocathode _ X-Rays

We describe the design of a table-top pulsed x-ray system _ /r_/for measuring fluorescent lifetime and wavelength spectra of

samplesin b°thcrystalandpowdered f°rm'Then°vel --_ E_j/ / J [

element of the system is a light-excited x-ray tube with a
tungsten anode at +30 kV potential. The S-20 photocathode is
excited by a laser diode with a maximum rate of 10 MHz,

each pulse having,, <100 ps fwhma (full-width at half- Ground +30 kV ]maximum) and >10 t photons. In collimated 2 mm x 2 mm Tungsten Anode [ I
beam spot 40 mm from the anode we expect >1 x-ray per

!

pulse. A sample is exposed to these x-rays and fluorescent [ Laser Diode Controller I
photons are detected by a microchannel PMT with a photo- [ I
electron transit time spread of 60 ps fwhm, a sapphire win-
dow, and abialkali photocathode (wavelength range 180- 600 Figure 1. Schematic diagram of the pulsed x-ray source. A laserdiode exeims the photoeathode with 60 ps pulses at <10 MHz and
nra). The combined time spread of a laser diode, the x-ray the photoeleeta'onsare accelerated toward the tungsten anode at 30
tube, and a microchannel tube has been measured to be 109 ps kV potential to produce x-rays.
fwhm. To measure wavelength spectra, a reflection grating

monochromator is placed between the sample and the PMT. The method of Boilinger and Thomas [4] (as modified by
Moszynski and Bengtson [5] for coincident 511 keV annihila-

1 BACKGROUND AND INTRODUCTION tion photons) is also used to measure fluorescent decay spec-
tra. However, the timing accuracy is limited to about 200 ps

In previous work, an electron synchrotron was used in fwhm by jitter in the trigger scintillator, and it is difficult to
single-bunch mode to measure the x-ray excited fluorescence determine the fraction of slow components.
of over 400 compounds. Interesting fluorescent emissions

were detected from several compounds by this method, includ- 2 PULSED X-RAY SOURCE
ing CEF3, PbCO3, PbSO4, Yb203, CeCI3, BaCI2, and CuI
[1, 2]. At the same time, a light-excited x-ray tube was devel- 2.1 Laser Diode
oped for producing very brief (= 100 ps) pulses of x-rays

(Figure 1)[3]. The PLP-01 Picosecond Light Pulser consists of a
In this work, we describe the design of a table-top pulsed controller and a laser diode head. The pulse width and number

x-ray fluorescence measurement system using a laser diode and of photons per pulse depend only weakly on the pulse rate,
a light-excited x-ray tube. This system has a number of advan- which can be varied from 1 Hz to 10 MHz. Each light pulse
tages over the electron synchrotron technique. Among these is preceded by a timing pulse with a time jitter of +10 ps. In
are (i) measuring samples without having to transport person- addition, the laser diode can be externally triggered or operated
nel and equipment to a remote site, (ii) measuring samples in dc mode. See Table 1 for additional details.
immediately rather than waiting for the next single-bunch
beam run, (iii) a narrower x-ray pulse width (<100 ps), and Table 1. Characteristics of I-lamamatsu PLP-01 Light Pulser
(iv) the ability to vary the excitation repetitionperiod from with C3551-01 Controller and LDH065 Laser Diode Head

100 ns to well beyond 10 ItS. Emission wavelength 650 nm
Peak power > 100 mW

* This work was supported in pnrt by the U.S. Department of Pulse width 50- 100 ps fwhm
Energy eonlzaet DE-AC03-76SF(__098, in part by Public Health Pulse repetition rate dc to 10 MHz
Service Grants Nos. P01 25840, R01 CA48002, and GM0_155- Photons per pulse > 107
07, and in part by The Whitaker Foundation. Timing pulse jitter +10 ps
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X-rays X-Ray- - Tube

2.2 Light-excitedX-ray Tube channel[Micr°"_---'NL _' [ ] LaserDiode C°ntr°ller[_diode Trigger I

The light-excited x-ray tube (Figure 1), is essentially a tube q |To !

single-stage photomultiplier tube. It has an S-20 photocath- [ _ I E la; I
ode at ground potential anda tungsten anode at +30 kV. Light Anode
liberates photoelectrons at the photocathode, which are accel-
erated to 30 kev to strike the tungsten target, producing Time to Amplitude Converter Stop ]

bremsstrahlung x-rays. The photocathode to anode transit time Start OutputI'

is 0.8 ns and the anode surface is oriented at 45o with respect -7 _ _L

to the incident electron beam. See Table 2 for additional

detaiL_. _! 'Constant Fraction
The maximum anode current of 50 laA corresponds to a Discriminator

maximum photon rate of 3 x 1015/s at 10 % quantum effi- r Pulse Height

ciency. At 10 MHz and 2 × 107 photons per pulse, the laser | Analyzerdiode will provide 2 x 1014 photons/s.
Figure2. Method for measuring the combined time spread of laser

Table 2. Characteristics of Hamamatsu N5084 Light-excited diode, light-excited x-ray tube. and microchannel x-ray detector.
X-Ray Tube The x-rays pass through Be windows to interact directly with the

microchannel multiplier.
Overall tube length 152 mm
Tube Diameter 52 mm

Photocathode S-20 1000 . . . , . . . , ...... , • • • , • • ,-.
Quantum efficiency @ 650 nm > 10%
Photocathode diameter 12 mm 800
Target material (anode) Tungsten (45°)

Output window material Beryllium _ 600

Output window diameter 20 mm "_ 400 109 ps fwOutput window thickness 0.5 mm
Cooling Natural air ,_
Tube voltage (max) 30 kV 200

Tube current (max) 50 p.A 263 ps fwtm _ _
Photocathode photon rate (max) .....3 x 1015/s @ 10% QE 0 ....................

-600 -400 -200 0 200 400 600

Time (ps)

3 RESULTS Figure 3. Combined time spread of 109 ps (fwhm) due to width of
laser diode pulse (55 ps), and time spreads in the light-excited x-

3.1 Measurement of Timing Response ray tube (75 ps) and microchannel x-ray detector (57 ps). The
spectrum was measured with the setup shown in Figure 2, using an

The light-excited x-ray tube was tested by illuminating its x-ray tube voltage of 10 kV.
photocathode with laser diode pulses and measuring the x-rays

with a Be-window microchannel electron multiplier (Figure The laser diode head is proximity coupled to the x-ray tube
2). The laser diode was coupled to the x-ray tube with an opti- photocathode for maximum photon rate. The microchannel
cal fiber. The measured time distribution of detected x-rays is PMT has a bialkali photocathode, a sapphire window, a wave-
shown in Figure 3. The 109 ps fwhm includes three compo- length range from 180 to 600 nm, and a 60 ps transit time
nents: the width of the laser diode pulses (55 ps), time spread spread. The PMT is thermoelectrically cooled to -20°C to
in the light-excited x-ray tube, and the timing resolution of reduce the dark rate to a few photoelectrons/s.
the microchannel tube (57 ps). The contribution of the light- Emission spectra can be measured by inserting a
excited x-ray tube is inferred to be 75 ps. monochromator between the sample and the microchannel

3.2 System for Fluorescence Measurements phototube. To extend the upper limit to 900 nra, a phototubewith a quartz window, a GaAs photocathode, and 4 ns transit

Figure 4 shows the system for measuring fluorescence time spread can be used.The sample chamber is evacuated to a pressure below 10--3
decay timing spectra from powder or crystal samples. The mm Hg to avoid fluorescence from air. A current meter at the
delayed coincidence method is used to record the time distribu- photocathode is used to monitor the photoelectron current and
tion between the x-ray pulses and the individual fluorescent a current meter at the power supply is used to monitor the
photons, sum of the anode current and any leakage currents to ground.
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X-rays X-Ray Tube r 4 CONCLUSIONS

Sample x_ \ _" ILaser Diode Controller [
. _ _ _,.--_ I ITodiode Trigger I By combining a state-of-the-art laser diode and a recently

- Fluorescent l _-_.-_-J / developed light-excited x-ray tube, we have designed a table-
radiation top system for measuring fluorescent intensities and decay

W Anode times with a timing accuracy of about 100 ps. The data acqui-
Quartz _ i , '_ sition uses photon counting and signal averaging, so that

Micro- I Stop Output ing samples. The system is more accurate than methods usingcoincident nuclear radiation and more accurate and convenient

PMT than methods using synchrotron x-radiation.
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Safety interlocks allow the high voltage power supply to Reference to a company or product name does not imply
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The high voltage supply trips off whenever the current that may be suitable.
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